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An exnerimental studv was masde of bentonite clay films
(alsifilms) with resoect to their physical, (4, 5, 6, 7, 8),
electrical snd colloidal ﬁrovertiea: Tha varisbles cansddesed
woere: bentonites from various sourcea, hentonites of various
cavacities for bsse exchange, bentonites of verious particle aize
diatributions, various buse exchsnge agents, and sudbsequent heat
cures or nreasure snd heat cures on the base exchanged films.

CHOICE OF CLAY

The choice of the clay to be used in this study proved to
be very imvortsnt becsuse of the airrerences in the renge of
particle sizea of ssmoles from various sources., To mske a
successful alsifilm there hed to be no cley perticles grester
in size than five microns and most hed to be lesa than that size.
Some clays occur nsturslly with lerger pronortions of these amall
perticlea then do others. Bentonites are favorable in this respect
in contrast to hslloysite, for examole, which has too small a
vercentage of the oarticles in the desired size range. Not sll
bentonitea have the same rnnge of narticle sizes, however, as 1is
ahown in Tsble I.

Another bssis of comnorison snd contrast of these various
cleys, in sddition to osrticle size, is the chemical comoosition.
Not much correlstion hss been drawn between chemical comnosition
and filn nroperties other then the color of the film. All films
prevsred in this study had s li ht tan color bsfore base exchange
and heat cure. This color was sttributed to the vresence of

iron oxidea in the bentonite., This Lelief was later substantiated
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TABLE I

a of Percentagas of Various Psrticle Sizes
Clay Lapger Larger Less 1 - Less -8 .5~5 0,5-1 Less
thon thsn than 44 than micron #icron micron than
74 44 44 micron § 0.5
micron micron micron nicron micron
Volcley 0.1=4 2«3 84 45 80-
(1) ‘ 80
Average 3-4 5-10 20- 60-
Colloidel 30 70
Bentonite
(1)
lon-bentonite  15- 30- 25-  15-
plastic 20 50 40 35
clay (1)
Fisher a5
(B-237/2)
(3)
Bennett -4
Clay (15) .
Panther 70 35 38
Creek (1)
Wyodak 299
micro-
mesh (17) -

Attaclay (2) Average psrticle size by air vermeantion method is
l-2 microns

Plenss Note: 1 micron is spproximately 1/25000 inch; 50 microns
dismeter--smsllest single psrticle visible to the human eye
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“n oart by the light coliorad cley obteined from the base exchsnge
exnerimenta vhen iron was renlsced by hvdrogen. From the noint
of view of low iror content, Bannett clsy (Tatle II) seemed idesl.
However, the sverege oartlcle size of this clsy was entirely too
large to nermit the preneration of susvensions which could be
centrifuged. Most of the clay settled out in the 24 hour poriod
before the asctusl centrifuging was begun. Tseble II gives the
sporoximete comnoslition of 8 number of the bentonite clays.

The final selection of cley used in this work was Wyodak
micro-mesh end fmericen Colloid Volclay. In oreliminery work,

a bentonite ( B-237/2) furnished by Fisher Scientific Cc. av vss
used.,
CENTFRIFUGING

A frectionation of tho clay in water susoension was necessary
in ordar to concentrate the narticles in the desired size renge
from the colloidel clays selected, This crerestion was cesrried out
with s Sheroles Suner Centrifuge ( Tyve M-41-24). Various slip feeds
snd RPM's of t-~e bowl were tried bdefore the best vrocedure was
found.

In the first severastions of Fisner Scientific bentonite, the
s0lid materisl left in the centrifuge dbowl after the second pass was
susnended 8gsin in distilled water, boiled to the gel stage, and
leid Aown in the film forming sten. 1In this »nrocedure the slip
feed of the first nass wes 90 ml. per minute st s bowl sneed of
12,000 RPM, For the second vass the slip {eed wzs 20 ml. ner minute
end the bow]l speed was 16,000 RPM, Although & large nercentage of
the nerticles was in the size range less then 0,07 micron in
dismeter, enou;h of the verticles were ;reatar then thet size to
glve 8 very course snd brittle-gilm.
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TABLE TIIX

CHEMICAL ANALYSIS OF VARIOUS CLLYS
Chemicel Voleclay Panther Ariostite Benrett Wyodek ?iqher Attawul s ! f
Analysis (1) Creek ?15) Cley micro- (Z) lay (2§u
Bentonite (15) mesn i
Percent (1) {17)
S10, 64,32 64.17 6C.16 71.00 65.17 63.20 68.43 :
|
1o
i Fegy 04 3,03 4.81 2.97 0.85 4,91 3.25 4,94
I‘ Fa0 0.46 0.54 0.26
i Ca0 0.52 1.48 0.67 1.20 1.39 1.30  1.67
i Hg0 2.30 3490 2.20 2.04 3.78 2.49 9.82
{
5 NegO 2.59 0.21 2.60 2.30 0,19 2.16 0.25
H
KqO 0,39 0.48 0.40 0.60 0.46 0.50 0.70
Essentisl
Hoisture 5.14 4.91 S.06
Ignition
Loas 7.78 5.58 9.13 7.44 7.19 12,10
pH (Hgo 8.5" 6"605 9.2 5.1 7-7.6 -
susnen- 9,5
sion) :
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Further refinements in the centrifu:ing nrocedure were made,

Four or six passes vere run on an original two ncreent susponsion of
the bentonite in distilled watar. The susnension stood for 24 hours
after ite oreovesrstion before tine centrifucing begen. The colloical gel
wes macde from the liquic oess ¢f the lest sejeration and not from the
larg"r perticles in the bowl, Both the i/yodak and the Americen Colloid
clays vere trested in this way.

Hauser snd Reed (l14) hesve wvorked out a granhicsl method for
correlsting the PPl end the slin feed of s Shrrnles Suber Centrifuge
with the nsrticlie sizes ssttled out under these conditions, These
ngrticle sizes ~long with the bowl sHeeds and slio feeds employed in
the four snd the six steo »>rocedu.'es erce civen in Tables III and 1IV.

TABLE III
FOUR S™LP CT7 ITUCING ™ OCTLIT € WAS AS FOLLOWS:

Bowl Speed (RPM) Slip Feed (ml. der minute) Particle size

in the pass

6000 100 Less than 0.4
micron

0,2 micron,
later 0.3

micron

1000, leter 8000 70, lster SO

10000 70 0.2 micron snd

lessa

10000 70 0.2 micron and

less
Substantial evailoration of the last oass in the four step
procedure listed in Table III gave a el which resulted in a very thin
f1lm (0,001 ¢nch in thickness) of fair strergth. The smaller coclloidsl
oerticles in the last nass of the six stev nrocedure geve even a tougher
f1lm., The Jdcgree of texture smocthness asnd strength of the film was
in indirect ratio to the size of the colloidal »articles emvloyed.
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TAZLE IV

: SIX ST=P CTNTRIFUGING P OCTDURE WAS AS FOLLO'VS:
f H Bowl 3peed (RFi) Slin Feed (ml. ner minute) Psrticia size in the

g pass

; 5000 100 Less then G.4 micron
1 ; 8000 90 0.3 micron snd less
It g 10000 70 0.2 micron and less
; E 15000 40 0.1 micron enc less
;i g 25000 40 Less than 0,07 micron
IS 23000 40 Less then 0.07 micron
{ E This method of using the liouid pass from the last run instead of
g ' é the laiger 30l11id perticles from the bowl in prevering the gel wes in
3 E direct contrast to the methods of Hauser (S5S) and was siwmilar to the

% method used by Aircraft-'arine Products Inc. (16)
4 : EVAPORATION A-'D GEL FO:"ATION

g Portions of the last 7ass from the centrifu;ing orocess were out

'E into two liter beakers snd evaorastad on electric hot nlates with constant

mechanicel stirring. Concentration continued 1n esch cese until the
system hrd 8 viscosity very siiller to thet of & bentonite disversion
in weter which, when tested by & Stormer Visocosimeter with s 99.26 grem

weight attached, recuired 22.75 seconds for 100 revolutions at 30 degrees

-———

Centrigrede. A susnension of this viscosity gave e good gel,

Although the phenomenon of gelstion 1s feirly commor.,, it is still

-,
D et

not thoroughly understood., Hauser 2ncd Ledesu ( 9 ) were able to orepsre

@

gels at concentrations of cdisperse nhsse as low as 0,05 vercent. HNo
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slignment or grouving of the cdisperse -hese was olserved., It does not

PRI I Y

avpesr that sn interlocking of long chein molecules need occur in order

)

for golution to tske place,
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FIIM FORMATION

Various technicrues heve been emnloyed in this oo-erstion,
D. W. Light (10) added ® resin to a colloidel cley susnension. The
mixed susnension was evavorrted from an snelgem surfsce, The nlasticizer
was burned cut with oxygen.

Mershall (11, 12) formed films from electrodialyzed susnensions by
evaporsting them from copper or celluloid surfasces,

In this study many surfaces were tried for the evenoration step,
Among others the gelstinous clay was spread on tin, coover, persffin
covered glsss and sluminum surfaces. The films stuck to the tin, cooper
end aluminum surfaces and the veraffin coating cn glass melted at the
temperature necessary for an sdvanced rate of drying.

A very satisfactory wax costed glass surfece was develovned at the
suggestion of Mr. F. A. Wells., (16) Johnson's "Paste “/ax" was first
dissolved in benzene (10 to 15 nercent solution by weight) and the

NN commgey T AR ) ST ARG R SN W] TP e

solution was sprayed on the flass surface in three or four successive
ap-olicetions. The solvent evenorsted leaving only the thin wax coating
which did not melt st temnerstures of 5O degrees Centigrade, A deep
scoring or scratch wes vlaced as border eround the glass surface srea.
This scoring served to hold the film in place at the edges later during
the drying o»neration sand to prevent premasture peeling of the fiim from
the surface,

The freshly boiled el suspension, while still warm ( SO to SC
degrees Centigrade), was Houred on the wax costed surfaces (four by
six inches) snd was soresd by a stainless steel scraning bsr to exactly
0,075 inch thickness. It wes »cinted out by l'r. Wells (16) thst initial
wet lsyers much in excess of 0,075 inch thickness will not dry to tough

nelf suovorting films. They gencrally creck into many pieces, are not

“"WW orsstrs G = s o = w——— o e —— e e e
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s-1f-suoportiag and sro very dbrittlc,

Thc noxt stép, tho drying of tho film, was a critical ono. Air

drying at room temocraturs was first tricd, but thet proccdurc, roouiring
about & wook, wes too timc consumirige Noxt, infra-rod heating oither
from tho top or thc bottom wes tricd, but in cvery instenco cxtrome
cracking of thc film occurrod rnosr the cnd of the oooration and the film
would stick to thc ;lass suvrfecs. Finally, s forcod air drying cabinot
was built end drying in s stroam of dust froo air at 50 dcgrees Contigrsdc
for about four hours gavc the desircd rcsults., If tho film wes loft

in thc cebinct for longer vpcriods, howsver, it would weold to the glass

surfece and bc impossiblo to remove in one niece. In the drying

RN,

procedure tho gcl layer shrank to 1/75 th of its original wet thicknoss,
but no crecking or surfece scosrstion wes noted, Thicker films could
best be »rensrced by lamineting a number of these thin dry films under
treatment of heast and pressure.

Some work was also cone on sclf-sunporting cley films reinforced
with asbestos fibers snd cellulose shrods. One to two vercent by weight
of shredded ssbcstos or filter »svor was stirred vigorously into the
gelation mixture of the clasy. The rest of the procedure of film
forming end drying wes carriod out es sbove. These films woro tough
but were not uniform in texture. This esvproach was sbaridoned when
s*trong solf-sucporting films rcontaining only bontonite wore prooared.

BASE EXCHANGE

A clay is really s very complex snion associsted with soveral
cations. In ascuocous suspension these cations dissociato sand the cley
micelle may bo thought of as & dissoclated electrolyte. One caticn of
the cley mey thon be exchengod for enother just as a sodium sosp will

. -

exchenge its cetion for calcium in hard wator. 1:%
{

J -Wﬂ—‘u. e B . e - - —— st o - t
r -

“Riuy



~ oo

- e —— e et =

TR

DA | UICV TR TR 80 B> Py g S

T~ Ty

R oy PP ¢ QI § IV

Not sll cleys will trso exchenge to tho ssme extent. Also, sfter
some cations sro re»slaced by othcr3,3uch es celcium for sodtum, tne
cleay creatly loses its swclling »-~onerties in wator. It has been
established that thec oruer of orofcrence of the clay =snion for verious
cations is calcium, megnesiws, notassium, hydrogen, sodiur:, lithium.(1l)

It was honed that the largor cations, snoroximsting in size the
dimonsitns bodwoon atems in the montmorillonite minerals, would enter
these spscos in the base exchsngo 2an? be locked into them during the
curing »rocess. From this viewnoint lsrger cations would be preferred
to smsller ones in the bssce oxchango sten. Lerge orgsnic rsdicals were
alao of interest in bese cxichange ork, but they 'vould not withstand the
hest cure process wnich a-mears to be necesssry for reducing the power
factor in theso diclectric films to s desirsble value.

Table V.givos dets on thc excnangdeble metsllic bases in millie
ecuivalents ver 100 grams of some clays. (1)

TABIE V

Ceations pbentonites

Other Clays
Volclay Panther Creck Lovite Ohio Plastic entucky
Wyoming Mississiopl Noveda Fire Clay Ball Clay

calcium 22,0 64.7 51.5 5.2 7.1
sod fum 85.5 C.4 33.6 0.4 0.3
ootassium 5.0 2.8 1.1 0.5 0.4
me gnes ium 1,0 1.0 19.1 1.3 3.8

Various bessec axchange technicuea for bentonite were investigated
using ssturated bsrium chloride solutions with the clsy. By one method
the dried self-sunnorting transosrent film was susoended in the ssturated
solution of tho salt for s ocriod of twvo or three hours., On removsl
of the film from solution, sny crystels of the salt scdhering to the

f1Im were washed off and the film wrs dricd st 50 degreaes Centigrade.

2 e Gl




This orocz’ure was ;cnorslly unsr:isfactory. In the bsse exchesnge

nrocass by this mcthod the sclf-sundorting film usually hed & tondoncy

to Alsintecrate. If the ©.1lm w~s not “estroyed in this menner in the

bese exch~nge step, thon in tho <ryin, orocess in the forced sir cabinet

at 50 degroes Centiirade the fiim would curl a2aad crack. :

Succassful bsce exchsnge resct:ons s2rc cor {e? out on the

concontratod clay susnensicn from the sixth centrifuge pass in a

bredfieild electrodislysis annerstus, Over g ocriod of four hours the

hy?rogen clay formed in thc centrsl cell and the besic metei ions i

migreted to the csthode compsrtnunt. The voltege wss 115 volts D. C.,
the smocrage was 0.06, thc rete of flow of istilled water through

the anofe commertrcnt wes 48 ml. ner minute end through the cethode
cornartment was 30 ml. per minutc. The scid ¢cley was concentrsted to
g gel end a film wes 1aid dovn. 1In ordzsr to introduce the desired
cetion into the cley, this film w s troetz2d with 8 seturetid berium
hvdroxide solution while still sttech:d to the wax costcd tlass »olste,
Another m2thod was to add the bsrium hvdroxide solution directly to the

acid clsy susnension, evenorrte to the ol stepge end then form the film.

e et i LD ot 28ttt deond A7 & LR

Either method worked satisfactorily. Th2 only diserdventsge wss the
small samount of scid clsy thet could be formed st eny one time in the
electrodislysis oopsrstus.

Another sttempt wss made to beac exchenge the cations before the

film wss noured. In this orocedure dry Volclsy wes »leced in a verticsal

 —

0 B

gless column one inch in diemeter and concentrsted hy’rochloric acid wss

noured through the necked column of cley. The scid flowed through

extremely slowly under :ravity. A definite disolscemont of ferric, L

ng
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celcium end megnesium ions from the cley by tae hydrogen iLon of the
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acid was indicst:d LY ouslitstive test run on tho filtrato. The resulting
hydrogen ciey wes washod snd dried snd wes then used in meking a two
nercent scueous susnension in cistilled weter. This materisl was
contrifuied six times by the re _ulsr »nroce‘ure. The sixth psss did not
yiold 8 setisfactory gel whan it wes coicentreted,

For somo time bsese exchonie of the hy’'rcgcn clsy with the sooro-
oriste metsl hviroride seecmed to be tho Jdesl methold of estteck, It
eliminated the nend for removel of any foreign cstions or snions since
the hydrogon of the clay end the hydroxv'l of the bsse gsve only water
which wes lo3st in the Adrying stepn.

As suggested in ork done by Hauser (6) basrium chloride in
various concoentrations wes thoroughly mixed with the concentrsted gel.
Films wcre then formed in the rezulsr wey. The mixture contsining
one percent bsrium chloride gsve the best film of this type. The film
wes opaqud anc¢ brittle. Films contsining over one percent bsrium
chloride sdded in this wsy ‘'ere extremely brittle snd contsinad
cryatesls of bsrium chioride in the film surface. It does not aopear
that this »nrocess csn be cslled base exchenge, however, since no
provision hss been mede in the nrocedure eithoer [for the removel of the
cations ( sodium, notsssium, mesgnesiun, csalcium) naturally occurring in
the clsy or the anion ( chloride, in this case) from the bsse exchange
agent.

The most satisfactory wsy found in these studies to carry out
the bsse exchsnge on s fairly large scele wes to onerate on the raw
£ilm sfter it hs”? Decen dried in the csbinet sand before it had been
stripoved from the glsss plste on which it was rormed. The vlate with

the film sttsched was immersed in s s3stursted solution oi the bsrium

ell-
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chloride for 15 minutos st room temnerature. After this neriod of base

water {o rewove eny surfece edsoruad crystels or foroign ions, dried snd
then strinoed from the >laste and cut into dieces for tosting, The
dise”ventage of this mothod, of cour:ie, wss th~t tho cxchange could teke
7lece from only one sice of the film. The sdvantage wes, howevor, that
-he film romeinod intsct and flat in the ssturated sslt solution, a
situeticn that 31cd not exist whon tho detached self-supnorting fllm wus
introcfuced “irectly into sn scueous solution.

Setursted solutions of tho bsse exchenge sgents must be smoloyed
in order to urevcnt the nootizstion of the film when introduced into the

aocuoous solution,

Certein information concerning thc base exchange sgonts used 1is
given in Table VI,

CURIXG P OCTE3S

This treatment involved host or hest and pressure sonlied to the
film sfter the basse exchange step. It wass hoped that the cure would
be sn effective method of locking in tho lsrger exchange cations between
the stoms in the bentonite groﬁping of stoms. The process appesred
necessary to lower thc power fasctor to 8 desirable veslue in the completed
film.

Curing trostments for veryin: lenitns of time were emoloyed using
heast trestmonts un to 550 degrees Contigrade snd hecat snd prossure
trestments with e Carver electricelly hvsted press up to 175 degrees
Centigrade end 8,5 tons. These svocific conditions sre listed in
Tsble VII,

The standsrd procedure which wzs finslly ecConted was a° gradual

hestlng from room tempers.urc 10 550 degrces Centigrsde over a period

«]l2-

exchenge, the film, still settached to the nlate, wss rinsed w#ith distilled
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Comsound
cerium nitrete
cobalt chlorids
cadmium ecetete

alum

“horium nitrate
uarsaium acetste
chronium sulfate
sodium stennate
verlwm hydroxide
iesd acetate
bsrium chloride
calcium chloride
calcium hydroxide
mercurous nitrate

mer=uric nitrate

TABLE VI

COMPOUNDS USED IN SATTRATED AQUEOUS SCLUTIONS IN THE BASE

TACHAWGT STEP

Souce Crade Code Formula
Beker and Adanson Puri- 1560
fied
J. ™, Baker Cc. P. CoClg +6Ha0
Baker and Adamson Reagent 1481 CA(CH3C00)gq.2Ha0
PR oo sl 1238 Alga (SOg )3 .Ka80,
¢24Hg O
oter iots .o o 2386 Th(NO3 ) .4 HgO
R o - 2404 U0, (CHaC00)g .2Ha0
Eimer end Amend C. P, c-338 Cra (S0, )s.2q.
Baker and Adamson Reagent 2292 NazSn0g+3Hga O
Merck ol S-.7211 Ba(OH)g.BHgeO
Eimer snd Amend Cu P, Pb(CELC00)q «3HgO
J. T. Baker Ci P BaClg .2HgaO0
Eimer snd Amend C. . C-78 CaClg.6HgeO
oE B & Reagent Ca(OH)g
Baker and Ademson .. 1982 Bge (NO3 )ge2dg0
Ao oo e e 1968 Hg(NO3 ) g «Eqa©
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Semple Number

Clay Used

ifmerican
Colloiad
Volcley

Yivodak
micro-mesh

American
Collold
Volcley

Wwyodek
micro=moesh

American
Colloid
Vclclay
Wyodak
micro-mesh

CLAY FILM DIELWCTRICS
TABLE VII

Remarks on Film
Prsrsration

Clay susdension
poured to 2 mm.
thiclkness, then
dried at 50 dog.
C in e cabinet

elbe

Base Txchange N
Agent

Saturated BeCly ;
solution

oo o
none

Saturated BaClg
solution

LN ] L2
none

Saturated BaClg
solution

LN ] [N} ;
4

Saturated CeClg
solution

o e O‘
nons
Saturated Be(OH)g
solution
Saturated Ca(OH)g
solution l

Saturated mer-
curous nitreate
solution
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Subsequent Trcatment

Hested at 56C €
for 2 hours

Hoated et 560 C
for 14 hours
none

none

RHeated at 175 C;10 nin.,
17000 lbs, nressure

Heated at 175 C; 1 hr.,
17000 1lbs, pressure

Heated at 560 C; 2 hr.

Heated at 560 C; 14 hrs.

Th'cknass
{i+cncs)
0,000

0,005
0,003
0.003

0,0023
0.0015
0.002

0.002
0.005
0.003
0.005
0,005
0.,C035

0.003

Cinlectric Pcuwer Humber
Constant Factor
6.98 11.1{percent) 1
6.42 3.3 2
21.35 81,77 3
10.6 16,4 4
9.4 12,9 S
4,82 Se.6 6
9.1 10.6 7
7.40 4,07 8
7.43 11.9 11
6.19 27.87 12
33.15 63.8 13
4.76 5.78 14
5.25 2,03 17
7.47 1.3 19
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Beas oy 2.

Subsecuont Troestmont

Resated at S60 for
14 hrs.

Heated at 184 C; 1 hr.,
17000 lbs, arassure

Heatod at 560 C for
14 whrs,

noneoé

Thickress

ginchesz

0,003

0,00175

0.0015

0.00175

0.002

0.0035

0,010

0.0015

0.0045

0,015

mialoctrie Power
Conatsent "actor
$.64
7.01 243
8.44 11,9
9.92 68.6
6.41 12,5
11.96 46,8
20.6 L. ¥ X J
8.38 83.5
5.54 7.58
5.30 17.1

Jumbep

s

57.9 (>ercent)

20

21

22

23

101

102

103

104

106

112

LI




ey

e AR A o $ T

; Samnle Mumber Clay Used
3 20 Wyodek
micro-mesh
21 oo
g 22 e
E 23 .o
i
E 101 2
‘ 102 o
E 103 .
104 Amoricen
Colloid
Volclay
’ 105 .o
’ 112 Fisher
sentonite

TA3LT VIT (Contirued)

Romarks on Film
Prensration

Clay susncnsion
noured to 2 mm,
thieckness, then
dried at 50 C
in covinet

Film formed from
colloidel : <1 of clay
containing a 1.2 per-
cent soln. of BeClg

Film formed from col-
loi"2l el of electro-
dielyzed clay

Seme 88 101 excent
thet 8 10 nercent

soln, of BaClg wes
used.

This film formed by
eir drying et R, T.
for 48 hrs,

Same 53 104 but
dried in ovan at S0 C.

®]lbe

e A

-

Base T"x:hange
Agent 4

Snturated
mercuric
nitrate
soluticn

Saturstod
lead ncetste
3olucion

Seturated
mercurous
nitrete
solution

Jatursted
mercurlic
nitrate
solution

noneé
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Subsequent Trestmont

Heated at 560 C
for 14 hours

Thicknoess

(inchosl

0,0025

0.004

0,0035

0.006

0,004

0.003

0,0015

0.002

Dielootric
Constant

3.93

9.85

7.64

5.31

4.99

3.12

1,29

1.59

Fower
Factor

34,36

29.6

2.8

5.4

2.15

S.4

8l.4

57.4

Number

e

201

301
302
303
304
307

308

310

he 1 375
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202

301

303

304

307

308

310
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Wyodak
micro-nesh

TABLE VII (Concluded)

wemarks on Film
Freperration

-16e

Clesy susnonslion
yourad to 2 mm,
thickness, then
dried at 50 C.
in s cebinet

3ese ‘ixchange
Agent

Sstursted cerium
alcrate solution

Saturated sodium
stesnnete solution

Satureted CoCly
solution

Saturrted cadmium
acetats solution

Satursted Cry(3C,),
solution

Satureted Th(WO0g),
solution

Satureted aluminum
notessium sulfate
solution

Satureted ursnium
acetate solution

"
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of one hour and *hen a continued hesting st tnis tsmpersturs for a period
of 14 edditional hours. The film strips, cut three inches by two inches,
wers vleced between (less olates to kcen them from curling. A Lindberg
furnace was employed. It a7nc¢-red to be critical that the initial rise
in toewperature to 550 degrees Centirrade Ve not too ranid. With repid !
increases in temcerature the film would be reduced to dust as it was

dehydrsted. When the treatment wes carried out in the regilar way the

films became black in csior and were much more dbrittle than they were

before tite curing step.

TESTING OF THT FIIM POR DIRLECTRIC CONSTANT AND PC'TR
FACTOR

A GBYERAL RADIO Type 716-C Cave-~'*—-nce Bridie with Type 1302-A
Oscillator and Type 1231-B Amplifier and MNull Jetector was used in the
teating procedure., A mercury electrode hoider s»Hecislly made according
to a model submitted by ¥r. F. H. Wells (16) wes emdloyed to hold the
film strin. The electrode had s one s~uvare inch surface sres contact
betwean both sides of the 1iim a:d the mercury which connected in turn
with shieldsd leads to the bridge itself.

Before the test of a film, the film was kept in a drving oven at
100 degrees Centigrade for at lesst 24 hours. The test was made never
more than 15 minutes after the strip wes removed from the oven. \Tho
electrode holder was kept in a desiccoator until the time of the test,
Under suck conditionz2, daily humidity fluctustions 414 not seem to be

of much imwourtance. A film which was tested two hours afteir removal

from the oven would hsve incressed ncticeably in power fasctor.

The oroperties end average test results of the various films

-17-
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|
An enslysis of tie cats in Table V1J indicates several interesting ‘i
facts., Wyodsk films seam to be sunorior to Amecrican Colloid films if l

the basse axchenge and subsecucnt tirestment has been identical. Compsre

sem>les 1 snd 8, 11 and 12 for velues of the dielectric constant and
the oower factor. It i1s of interest to see the differences in chemical

comoosition of tnese two clays. See Tablo II.

- -

Samples 11 and 17 seemed to indicate that the use of thas free bsase

of the metal is to be preferred to the use of the sygturated sslt of the

SRR E

metal although the sslt is definitely much more soluble in each case.
From samoles 1 and 2 ii spperred that longar periods of heating in

the furnsce grestly imoroved the sower factor 'rith only siight reduction

TR T T AR A DAY YR T

in the dielectric consteant.

In 8 few cases increase in moleculesr woight of ths cation in the
base exchange reaction seemed to casuse the powver factor of the film to
decrease (samvles 8, 1l and 19). In many other ceses thst relation did
not hold true. A consistent but unexplained difference existed between
the effect of mercurous and mercuric cations in the base exohange
(samnles 19, 20, 22, and 23).

Substituticn of odressurss up to 17000 lbs. per sq. in., shorter

periods of heeting snd lower temperstures in plsce of the 560 degree
Centigrade and %4 hour curing neriod 2icd not give comparable results,
es far as the nower factor was concerned (contrast samples 19 and 22,

2 and 7). However, 2 one hour oeriod st 175 degrees Centigrade end

17000 1lbs. per sa. in. secmed to be more favorable than a ten minute

treetment under the same conditione (see sennles 5 end 7),

5 | AR * e AL 95D T NI e URA LR G TIPSR R N
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